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This invention relates to a novel gene detection method to detect a certain gene specifically and a device 
for such detection. 

A genetic information stored in DNA is expressed as a protein or an enzyme through mRNA. By the effects 
of such protein or enzyme, various compounds necessary to maintain the vital actions are biosynthesized and 
metabolized. Thus a life is present as a dynamic equilibrium system of various substances controlled by genes. 

There are 50 to 100 thousands of human genes. When some of them involve abnormality or change, such 
as defect or duplication, the characteristics, types and amounts of the proteins synthesized are changed, result- 
ing in the poorly balanced biosystem, which may cause diseases. Thus, by detecting known pathogenic genes, 
the diseases may be identified or prevented. Such diagnosis based on the genes themselves has been 
developed as a results of the recently advancing technology of gene engineering, and Is called as gene diag- 
nosis. 

When compared with conventional diagnostic methods, the gene diagnosis has characteristics as men- 
tioned below. 

Considering the mechanisms of gene expression, it can be presumed that changes in genes occur prior 
to almost all biochemical changes. Therefore, gene diagnosis by means of detecting the genetic change 
enables the diagnosis or prognosis prior to development of a disease which is one of phenotypes. Accordingly, 
the dignosis and prognosis can be conducted before the development in the latent period or at the earliest 
stage of the disease. This is the primary characteristic As the secondary characteristic, gene diagnosis relating 
to the genetic diseases is independent from the organs or tissues to be analyzed since all genes in a living 
body are the same. This is particularly important in the diagnosis in fetus. Thus, this secondary characteristic 
enables the diagnosis simply by sampling amniotic fluid from a pregnant woman and analyzing the fetal cells 
suspending in the amniotic fluid. 

Procedure of gene diagnosis conventionally employed is summarized as follows. 
Genes are extracted from a samples and cleaved, if necessary, by appropriate restriction enzymes, and 
then subjected to electrophoresis and southern blotting. Then a nucleic acid probe (usually radiolabeled) hav- 
ing the base sequence complementary to the gene to be detected is hybridized to the blotted gene. Subse- 
quently, the hybridized nucleic acid probe is detected by exposing an X-ray film to the radiation emitted from 
the labeled probe at lower temperature to confirm the presence of the gene. 

The conventional detection method mentioned above Involves the limitation of the place of diagnosis due 
to the use of radioisotopes and should be conducted with sufficient care of handling reagents. For the purpose 
of reducing such inconvenience, safe labeling agents substituting the radioisotopes are being developed and 
several detection methods, in which probes are utiized, such as avidin-biotin bond method or enzymatic or 
fluorescent method and the like have already been suggested. However, these methods can not achieve the 
sensitivity supenor to that of the method using radioisotopes. They also involve the problems of the time period 
required to detecting the gene as long as 2 or 3 days as well as complicated procedure of determination 

On the other hand, quantification of a certain antigen or antibody present in a sample generally employs 
radioimmunoassay (RIA). However, RIA requires special instruments and authorized operators therefor cap- 
able of handling radioisotopes since this method also employs radioisotopes similarly as in the gene diagnosis 
methods mentioned above. In addition, waste disposal in this method should be done with particular care As 
one of the other analytic methods, Immunoelectrophoresis, which requres a long period for determination and 
has a poor sensitivity, can be suggested, although this method is not applicable in case of the samples con- 
taining only trace amount of test substance. 

An objective of the present invention is to provide a method which is excellent in safety and convenience 
and is capable of detecting a certain gene at a high sensitivity in a reduced time period. 

Accordingly, the gene detection method of the present Invention is the method wherein a single stranded 
nude c acid probe having a base sequence complementary to the gene to be detected Is reacted with a gene 
sample denatured into a single stranded form and then the nucleic acid probe hybridized with the gene is detec- 
ted to confirm the presence of the gene, characterized in that 

the nucleic acid probe is immobilized onto a carrier sensitive to a physical change; 
a double stranded nucleic acid recognizing substance capable of binding specifically to a double stranded 
nucleic acid and being active physicochemically is added to the reaction system of the nucleic acid probe and 
the gene sample; and, 

the double stranded nudeic add recognizing substance bound to the double stranded nudeic acid formed 
by conjugation of the nudeic add probe and the gene to be detected is detected by means of physicochemical 
determination using the carrier, whereby detecting the presence of the nudeic acid probe hybridized with the 
gene to be detected. 

Another object of the present invention is to provide a gene detection device which is excellent in safety 
and convenience and is capable of detecting a certain gene at a high sensitivity in a reduced time period. 
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Optical signals generate* by the electrochemiluminescence may directly be detected from the solution 
using, for example, photocouter. Alternatively, an optical fiber electrode produced by forming a transparent 
electrode at the tip of an optical fiber may also be used to detect the signal indirectly. 

Since the electrode reaction or change in optical signal occur exclusively on the surface of the carrier, the 
detection can be conducted quite easily without removing unreacted probe or unreacted intercalating agent 

In the present invention, reaction of nucleic acid probe and the single stranded gene sample is generally 
conducted in a solution. Such reaction may be conducted in the presence of the intercalating agents listed 
above or the intercalating agents may be added after completion of the reaction. 

As mentioned above, since most of the intercalating agents have themselves the optical activity or can 
exhibit the electrode response, direct determination is possible by means of optical or electrochemical pro- 
cedure. When these intercalating agents are further bound with the substances which generate signals capable 
of being detected directly or indirectly, higher detection sensitivity can be obtained by determining the signals 
combined with the singles from the intercalating agents. 

These substances which generate signals capable of being detected directly or indirectly include, for 
example, haptens such as biotin, trinitrobenzene sulfonic acid and dinitrobenzene sulfonic acid, fluorescent 
substances such as fluorescein isothiocyanate (FITC). phycocyanin and rhodamine, luminescent substances 
such as luminol, lucigenin and acridium ester derivatives as well as electrode active substances such as fer- 
rocene and viologen. When using the substance, from which the signal can not directly being detected, such 
as the haptens listed above, enzyme-labelled anti-hapten antibodies such as enzyme-Jabelled avidin are used 
to determine the optical parameters such as absorbance, fiuorescene, luminescent quenching, circular dic- 
hroism and fiuorescene polarization or, electrode activity is determined, whereby indirectly detecting the gene. 

Although one molecule of these substances are usually bound to one molecule of a intercalating agent, 
several molecules of these substance may be bound to one molecule of the intercalating agent, whereby 
enhancing the sensitivity. 

On the other hand, some biopolymers recognize and bind specifically to a double stranded nucleic acid. 
Accordingly, by labeling these biopolymers or the substances recognizing them with enzyme, fluorescent or 
luminescent substance and determining the electrochemical or optical change caused by the label to know the 
presence of the biopolymers, the detection of the double stranded nucleic acid may be possible. 

Such biopolymers include, but are not limited to, DNA-binding proteins such as antl-DNA antibody. Crop- 
rotem, cl repressor, E. cofl CRP (cAMP receptor protein) and lactose operon repressor and enzymes such as 
RNase H without catalyst activity. The biopolymers mentioned above may be derived from living bodies or may 
be synthesized. 

Enzymes as labels to be bound to the biopolymers mentioned above are, but are not limited to, alkaline 
phosphatase, peroxidase, beta-galactostdase and glucose oxidase. 

When detecting the electrochemical change using the biopolymers mentioned above, NADH in NAD- 
+/NADH cycle and quinone in catechol/quinone cycle may be used. Thus, NADH or quinone formed by enzyme 
bound to a biopolymermay be oxidized or reduced by an electrode and the electrochemical change may be 
determined. Other substances involved in such electrochemical oxidation-reduction reaction may also be 
employed. 

When detecting the optical change using the biopolymers mentioned above, an enzyme is bound to a 
biopolymer and a chemical luminescent substrate is used to conduct enzymatic reaction, or a fluorescent sub- 
stance is bound to a biopolymer and the luminescene is directly detected. Chemical luminescent substrates 
useful in the present invention may be, but are not limited to, luminol, isotuminol, isoluminol derivatives and 
acridinium derivatives. When using the chemical luminescent substrates, enhancers can be used to enhance 
the chemical luminescence. Such enhancers may be, but are not limited to, lucfferin derivatives such as firefly 
luclfenn and dehydroluciferin. phenols such as phenyl phenol and chlorophenol as well as naphthols. Fluores- 
cent substances useful in the present invention may be, but are not limited to. fluorescein, rhodamine and 
phycocyanin. 

The amount of the double stranded nucleic acid recognizing substance to be added is not particularly speci- 
fied, although the amounts sufficient to bind all double strands formed are preferable in view of the efficiency. 
When added in an excess amount the double stranded nucleic acid recognizing substance remaining unreac- 
ted are washed off prior to the determination. 

When the .amount of the double stranded nucleic acid recognizing substance added is small and the con- 
centrate of it is low. only small amount of the unreacted recognizing substance remains in the system after 
the recognizing substance has bound to the double stranded nucleic acid formed. Thus, the double stranded 
nucleic acid recognizing substance is relatively concentrated on the carrier. In such state, the gene can be 
detected without washing off the sample DMA which has not reacted with the nucleic acid probe or free double 
stranded nucleic acid recognizing substance which has not bound to the double stranded nucleic acid formed 
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enzyme substrates. The double stranded nudeic acid recognizing substances may not be particularly specified 
and any of the substances listed above may be employed. 

In the present Invention, a nucleic acid probe is immobilized onto a carrier sensitive to a physical change 
as mentioned above. Although an electrode or optical fiber is preferably employed as the carrier for immobilizing 
the nudeic acid probe, other carrier such as photodiode, thermistor, ISFET, MOSFET, piezo elements, surface 
acoustic wave elements, quartz oscO later may also be employed. 

The electrodes employed in the present invention may be, but are not limited to, carbon electrodes such 
as graphite, glassy carbon, pyrolytic graphite, carbon paste and carbon fiber, noble metal electrodes such as 
platinum, platinum black, gold, palladium and rhodium, oxide electrodes such as titanium oxide, tin oxide, man- 
ganese oxide and lead oxide, semiconductor electrodes such as Si, Ge, ZnO, CdS, TIOj and GaAs, as well as 
titanium. These electrodes may also be covered with conductive polymers to enhance the stability of the elec- 
trodes Immobflized with probes. Monomolecular films may also be employed to cover the electrodes. 

The nudeic add probes may be immobflized onto the surfaces of the carriers such as electrodes and optical 
fibers by means of oovalent bond, ionic bond and physical adsorption. 

The examples of the procedure for the immobilization by means of covalent bond are the method in which 
the surface of the carrier is activated and then the nudeic add probe is immobiized drectiy or indirectly through 
crosslinking agent and the method in which an active functional group is introduced into the nudeic acid probe 
to be immobilized onto the carrier followed by direct or indirect immobilization. The activation of the carrier sur- 
face may be conducted by electrolytic oxidation in the presence of oxidizing agent, or by air oxidation or reagent 
oxidation, as well as by covering with a fUm. Useful crosslinking agents may be, but are not limited to, sOane 
couplers such as cyanogen bromide and gamma-aminopropyl triethoxy sOane, carbodiimide and thionyi 
chloride and the like. Useful functional groups to be introduced to the nucleic acid probe may be, but are not 
limited to, amino group, carboxyi group, hydroxyl group, carbonyl group, phosphate group, aldehyde group and 
mercaptp group. Other highly reactive functional groups may also be employed. 

Once the surface of the carrier is oxidized for activation, an oxidized layer is formed on the surface. The 
nudeic add probe binds to the substrate via this oxidized layer. By forming a thinner oxidized layer, S/N ration 
of detecting the gene is improved. The thickness of the oxidized layer is preferably not more than 500 A, more 
preferably not more than 100 A 

Introduction of the functional group into the terminal of the nudeic add can be conducted by means of 
enzymatic reaction or by using DNA synthesizer. The enzymes useful in the enzymatic reaction may be, for 
example, terminal deoxynudeotJdyl transferase, poly A polymerase, polynudeotide kinase, DNA polymerase 
polynudeotide adenylyitransferase and RNA ligase. Polymerase chain reaction method (PCR method), nick 
translation method and random primer method may also be employed to introduce the functional group. 

The functional group may be introduced to any part of the nudeic acid, such as 3' or 5' terminal, as well 
as a site randomly selected. 

The nudeic add probe with the functional group introduced may be immobilized as it is onto the carrier by 
immobilization reaction. However, the amino acid originally comprised in the nudeic acid may sometimes serve 
as a functional group instead of the functional group introduced, since the nudeic add probe is a single strand 
Thus the amino add originally comprised in the nucleic add is used for invnobilization of the probe to the carrier 
which affects the sensitivity. 

The immobilization via the amino acid originally comprised in the nudeic add probe may be prevented by 
for example, the method as follows. First, the nudeic acid probe to which the functional group has been intro^ 
duced is annealed with the DNA chain having the base sequence complementary to the probe to obtain a double 
strand. Then the functional group introduced is used to immobilize the double stranded nudeic add to the ear- 
ner. Subsequently, thermal denaturation is conducted to form a single strand, whereby removing the DNA chain 
to which the functional group has not been introduced. The temperature during the thermal denaturation may 
usually be maintained from 90 to 98°C. 

When the carrier to be used for immobilization of the nudeic acid probe is an electrode, the nudeic acid 
probe can be immobflized easiy at a higher efficiency by utilizing physical adsorption. The physical adsorption 
of the nudeic acid probe onto the electrode surface can be conducted, for example, as follows. First, the elec- 
trode surface is washed with distilled water and alcohol using ultrasonic deaner. Then the electrode is placed 
in the phosphate buffer (pH 7.0) containing the nudeic add probe to adsorb the probe onto the surface of the 
substrate. During this procedure, potential of 0 to +1.0 V, preferably 0 to +0.1 V is applied to the electrode to 
accelerate the adsorption. Then the electrode having the nudeic acid adsorbed is placed in the solution con- 
taining nudeotides (ATP, OTP, GTP, TTP, dATP, dCTP, dGTP, dTTP and the like), and the electrode surface 
is coated with the nucleotides preferably whle applying the potential of 0 to 1.0V. By this treatment, non-specific 
adsorption of the sample nudeic add or double stranded nudeic acid recognizing recognizing substance to 
the electrode surface can be prevented. Non-specific adsorption may also be prevented by using surfactants 
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and inhibiting the non-specific reaction, providing higher efficiency of the gene detection. The function of oscil- 
lator can be imparted to the carrier by utilizing mechanical oscillation, ultrasonic wave or electric or magnetic 
action. 

As test samples, blood such as peripheral venous blood, leukocyte, serum, urine, feces, semen, saliva, 
cultured cell, tissue ceils such as cells from various organs and other materials containing nudeic acids may 
be employed. 

Although the extraction of nucleic acids from a test sample is conducted according to the conventional 
method, the double stranded nucleic acid recognizing substance mentioned above can be used for extraction 
and purification following the procedure described below. 

First, the double stranded nucleic acid recognizing substance is immobilized to an appropriate support, 
which is then mixed with a test sample. The cells contained in the test sample is ruptured to release the nucleic 
acid, which is then bound to the double stranded nucleic acid recognizing substance. Subsequently, the support 
is separated from the test sample and the nucleic acid bound to the double stranded nudeic acid recognizing 
substance is separated from the support 

The supports useful herein may be, but are not limited to, polymer supports such as latex, polyethylene, 
polystyrene, and polypropylene, carbon materials such as activated carbon, metal particulates, ceramic mate^ 
rials, and magnetic materials such as magnetites, samarium-cobalt and ferrite. The forms of the supports are 
not particularly limited, but a partide whose size is within the range from 0.1 to 1000 urn, particularly from 1 to 
100 um, is preferable. 

The cells contained in the test samples may be ruptured according to the standard method. For example, 
the support is agitated by means of the external force such as shaking or applying ultrasonic wave. Nudeic 
add eluate may also be employed to release the nudeic acid from the cells. Such nudeic add eluates are, for 
example, the solutions contianing surfactants such as SDS, Triton-X and Tween-20, and the solutions contain- 
ing saponin, EDTA or proteases. When these solutions are used to release the nudeic acid, incubation at a 
temperature not lower than 37 Q C may serve to facilitate the reaction. 

After binding the nudeic acid to the double stranded nudeic acid recognizing substance immobilized to 
the support, the support is separated from the test sample by an appropriate means. The support which has 
been separated is first washed with a washing fluid (low salt concentration) to remove the unnecessary com- 
ponents, and then with a nudeic acid eluate (high salt concentration) to release the nudeic add into the sdution. 
When an intercalating agent is used as the double stranded nudeic acid recognizing agent, a non-pdar organic 
solvent is used as the nudeic acid eluate. 

When a magnetic partide is used to the support, agitation and separation of the support can conveniently 
be conducted by using external magnetic action which enables easier and rapid procedure. 

When the content of the intended gene is quite small, the detection may also be conducted after amplifi- 
cation of the gene according to a known method. Representative gene amplification methods are methods utili- 
zing enzymes, such as polymerase chain reaction (PCR) method. The enzymes useful in the gene amplification 
method may be, for example, DNA^dependent DNA polymerazes such as DNA polymerase and Taq polymer- 
ase, DNA^dependent RNA polymerazes such as RNA polymerase 1 , RNArdependent RNA polymerazes such 
as Q beta replicase. Among methods using these enzymes, PCR method using Taq pdymerase is a quite con- 
venient method wherein the amplification can be repeated continuously only by controlling the temperature. 

The samples thus obtained (course extract of nucleic add. or purified solution of nudeic acid) are thermally 
denaturated at a temperature form 90 to 98°C, preferably not lower than 95°C to prepare single strands. Then 
an electrode immobflized with nudeic add probe or an optical fiber immobilized with nudeic add probe is placed 
in the sdution of the single stranded nudeic acid and hybridized at a temperature from 37 to 72°C. The optimum 
temperature for hybridization varies depending on the factors such as the base sequence and the length of the 
probe employed. 

In such cases, the reaction rate is generally less satisfactory than in the case of the reaction in solution 
since the hybridization reaction proceeds in a solid phase. However, this problem can be eliminated when using 
an electrode immobilized with the nudeic add probe by applying a potential to the electrode surface before 
and/or dunng the hybridization raction to accelerate the reaction. The potential to be applied is preferably a 
positive potential, or a positive and negative potentials are alternatively applied. Such potential is applied con- 
tinuously or intermittently as pulse. Preferably the potential applied is within the range from 0 to ±2.0 V. 

Upon hybndization, unreacted nudeic acid may adsorb non-specifically to the electrode surface in addition 
to the intended gene bound to the nudeic acid probe. Such non-specific adsorption may reduce the S/N ratio 
of the gene detection. Usually the nudeicacid is negatively charged. Therefore the nucleic acid non-spedfically 
adsorbed can be removed by applying the negative potential to the electrode. For this purpose, the potential 
to be applied is within the range from 0 to Z0 V, preferably 0 to 1 .5 V. 

The double stranded nudeic add recognizing substance may be added to the test sample either before or 
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hvdTZl'T" ^ imm ° bnized 8 nucteic acid P«>be. the gene to be detected is quantified 

^ten^lteSntln^r! r m ° bi,i ^ ^ *• nuctek5 add ^ 88 ™"*>ned above, are usefu 
as gene detecting sensors. In order to use such devices as gene detecting sensors reoeatedlv » b J,,!^. 

^T^* 6 ""J?" "?* had been ^ probe immoK ^Z^rfiZS 

nT^JT ? may . b ! 1 COndUCted by lre8tTOms with bases, adds, surfactants orSZont^ 7t£ 

p?8 5 Th^^T^ ^ fo "° Wed by rapid 000,,nB - Alte «» 8 t-atxnent employs oV 

Thegene^ detection methods of the present Invention are further described in the examples below 
Example 1: Gene detection using electrode immobilized with nudeic add probe 
a. ImmobBizabon of nudeic acid probe to Pt electrode surface 

Pt electrode was treated at a high temperature to air-oxidize the surface of the elect™*. Aft-, 

9S°C. Hie elacoode ta^Mtert wffl^!an^I.ira ^ **^* eft was subjected to the animal denatuianon at 
"n*n^*£c*!^££!!Z^ dOT ^^ ta 'tatea.»^whicl,t 8 incubated 

fSh B 2 ^ ne i ete ? < r U8,n9 0pt,C81 flber ,mmobili2ed *th nudeic acid probe 
a. ImmobOization of nudeic acid probe to optical fiber 

( 9 arnrna^S?nVth!lrl flber T Wit " 8 " ane """"^ teamma-amlnopropyl triethoxy silane- 

b Gene detecton using optical fiber immobilized with nudeic add probe 
UneaX^ 

98-C. The optical fiber imrnobated w^^^^ 

bated for 15 Lutes a "2?** ptaBd in "•** was incu- 

dedDIWwasadd^^ ^ 
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As a test sample, pVM 62 * obtained by inserting v-myc fragment into Pst I site of pUC 1 19 was employed. 
Linear pVM 623 was obtained jy digesting witti Hind III and then was subjected to the thermal denaturation at 
98°C. The electrode immobflized with the nucleic add probe was placed in the test sample, which was incubated 
for 15 minutes at 70°C to anneal. During this procedure, tris (1.10-phenanthroline) cobalt (III), an intercalating 
agent which has specificity to the double stranded DNA and is electrochemically active, was added. 

After annealing, cyclic voltammetry was conducted and values of the oxidation-reduction current obtained 
by sweeping 30 times were summed up. As a result, v-myc could be detected in pg order. 

Example 4: Gene detection using optical fiber electrode immobilized with nucleic acid probe and utilizing 
electrochemiluminescence 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 1 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind lit and then was subjected to the thermal denaturation at 
98°C. The optical fiber electrode immobSized with the nucleic acid probe (v-myc) was placed In the test sample, 
which was incubated for 15 minutes at 70°C to anneal. During this procedure, lucigen which has specificity to 
the double stranded DNA and is capable of generating electrochemical luminescence was added. 

After annealing, electrochemical reaction was effected and the luminescence was detected through the 
optical fiber electrode immobilized with the nucleic acid probe. As a result v-myc could be detected in pg order. 

Example 5: Gene detection using electrode immobilized with nucleic acid probe and using anti-DNA anti- 
body as an intercalating agent 

a. Immobilization of nudeic acid probe to Pt electrode surface 

Pt electrode was treated at a high temperature to air-oxidize the surface of the electrode. After 
activating the surface of the oxide layer by cyanogen bromide (CNBr), immobilization was conducted by 
immersing the electrode in the solution containing thermally denatured single stranded nucleic acid probe 
(v-myc). 

b. Gene detection using electrode immobilized with nucleic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. The electrode immobflized with the nucleic acid probe was placed in the test sample, which is incubated 
for 15 minutes at 70°C to anneal. After washing the electrode, alkaline phosphatase-labeled anti-nucleic acid 
antibody which binds specifically to the double stranded nucleic acid was reacted, and washed again prior to 
adding NADP+ solution. Alkaline phosphatase hydrolyze NADP+ to generate NAD+. 

NAD+ thus generated was determined by determining the current caused by oxidation of NADH in the sys- 
tem using alcohol dehydrogenase and diaphorase, whereby quantifying v-myc contained in the test sample. 
As a result, v-myc could be detected in pg order. 

Example 6: Gene detection using optical fiber immobilized with nucleic acid probe and using anti-DNA anti- 
body as an intercalating agent 

a. Immobilization of nucleic acid probe to optical fiber 

The tip of the optical fiber was treated with sitane coupler (gamma-APTES) and then the single stran- 
ded nucleic acid probe (v-myc) was immobilized using giutaraldehyde as a crossiinking agent. 

b. Gene detection using optical fiber immobflized with nucleic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 1 9 was employed 
□near pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. The optical fiber immobflized with the nucleic acid probe was placed in the test sample, which was incu- 
bated for 15 minutes at 70°C to anneal. 

After annealing and washing, peroxidase^abelted anti-DNA antibody which binds specifically to the double 
stranded DNA was reacted. Then the sample was washed again, and reacted with in an alkaline aqueous 
solution using luminol as a substrate and lucrferin as an enhancer. The luminescence thus generated was deter- 
mined to quantify v-myc contained in the test sample. As a result, v-myc could be detected in pg order. 

Reference Example 1 : Quantification of nucleic acid probe on BPPG electrode 

a. Introduction of amino group into nudeic add probe 

A DNA labeling kit, Chemiprobe (ORGENICS Ltd.) was used to label carcinogenic gene v-myc (1 .5 
Kb), into which (6-aminohexyl) dATP was then introduced at 3' terminal using terminal deoxynucleotidyl 
transferase. 

b. Immobilization of nudeic acid probe to electrode surface 

As an electrode to which the nudeic add is to be immobilized, basal plain pyrolytic graphite (BPPG) was 
employed. This electrode was subjected to electrolysis at 2.2 V in a sdution containing 1 0% nitric add and 
2 f % potass,um chromate to oxidize the surface. The electrode whose surface has been oxidized was then 
placed in a refluxed sdution of 10% gamma-aminopropyl triethoxy silane in toluene at 1 20°C for 30 minutes 
to effect silane treatment After the electrode was washed with methanol, it was reacted in 1% glutaral- 
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T^T^l 30 mim ** S ' " aShad again ' ^ efectrode »■» a solution containing 

c. Quantification of nudeic acid probe immobilized to electrode surface 

Reference Example 2: Quantification of nudeic add probe on optical fiber 
a. Introduction of amino group into nucleic add probe 

Z^mhlw^n ^ ^ WArnl ^'"f amlno introduced and then reacted at a room 

^Sp^^^ 

^Exan^der^ccelerationofhybndizationofnudeicadds^ 
"nea^^ 

98-C. Then the BPPG eiec^Z^^^TLT ^ * denaturafon at 

was incubated for 15 minutesat ^ toZLT. r n ^ P, ° be WBS P ' aC8d in the 4881 which 
was applied to the LeZoT annea " ng Durin * "* 0-1 V (vs SCE) of potential 

wasIdredTeJe^ecSe 'ZST? ° NA a " d * Chemically active, 

mined to ouantifv v*Z*Z*ZZ7y^^^^. "" «iaation-reduction current generated was deter- 

time required for rrybSdization whicS had ^rZ^" T I ^ k ^ O0Uld 06 d6teCted in 0rt)er - The 
minutes. Wl "* h8d ^"tonally been about 30 minutes was reduced to about 10 

fSTh^ 8 ^" * eleCtrod8 with nudeic add probe 

a.lmmobflization of nudeic add probe to Pt electrode surface 

acavaTgttu^T^ *• -^ce of the electrode. After 

immersing the J^M^^S^TT 'T? ,CNB * ,mmob,,l2aUon — conducted by 
(v-myc). ^" contain,n 9 denatured single stranded nudeic add probe 

b Gene detection using electrode immobilized with nudeic acid probe 

at 98°C. The electrode tanobfcSwXT? h ? the " ^ SUbjeCted to thermal Saturation 
incubatedfor 15 nTu^T^an^^^^^^ ^ in test sample, which was 

which has specificity to the 4aJ?Z^^£FZS2: ^ """^ a " intereala «"9 
After annealina meeiertrrvta IT and 8 electrochemically active, was added. 

ducedJoCrC^yc^^ 
been 8 ^^^ 

p pvM 623 was dissociated from the surface of the electrode immobi- 
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lized with the nucleic add probe. The electrode thus regenerated could be reused for the gene detection 
repeatedly at least 5 times thereafter. 

Example 9: Regeneration of optical ffoer immobflized with nucleic acid probe 

a. ImmobBization of nucleic acid probe to optical fiber 

The tip of the optical fiber was treated with silane coupler (gamma-APTES) and then the single stran- 
ded nucleic acid probe (v-myc) was immobilized using glutaraldehyde as a crosslinking agent 

b. Gene detection using optical fiber immobflized with nucleic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation 
at 98°C. The optical fiber immobilized with the nucleic acid probe was placed In the test sample, which was 
Incubated for 15 minutes at 70°C to anneal. During this procedure, acridine which has specificity to the 
double stranded DNA was added. 

After annealing, the fluorescent from acridine was determined to quantify v-myc contained in the test 
sample As a result v-myc could be detected in pg order. 

c. Regeneration of optical fiber immobilized with nucleic acid probe 

By heating at 98°C for five minutes the optical fiber immobilized with the nucleic add probe which had once 
been used for determination, the sample vPM 623 was dissociated from the surface of the optical fiber immobi- 
lized with the nucleic acid probe. The optical fiber thus regenerated could be reused for the gene detection 
repeatedly at least 5 times thereafter. 

Example 10: Gene detection using intercalating agent to which substance generating signals which can 
be detected directly or indirectly is bound. 

a. Preparation of electrode immobilized with nucleic acid probe 

(6-aminohexyl) dATP was introduced at 3' terminal into synthetic oligonucleotide probe (20 mer) 
against to a carcinogenic gene v-myc using terminal deoxynucleotidyl transferase. 
On the other hand, a basal plain pyrolytic graphite (BPPG) electrode was subjected to electrolysis at 22 
V in a solution containing 10% nitric acid and 2.5% potassium chromate to oxidize the surface of BPPG 
electrode. The electrode was then placed in a refluxed solution of 10% gamma-APTES In aniline at 120°C 
for 30 minutes to effect silane treatment After the electrode was washed with methanol, it was reacted in 
1% glutaraldehyde solution for 30 minutes and washed again. 

This BPPG electrode was reacted in a solution containing 1 ng/m? synthetic oligonucleotide probe, whcih 
has specificity to v-myc having amino group introduced at a room temperature for 30 minutes, whereby 
producing an electrode immobilized with the nucleic acid probe. 

b. Gene detection using electrode immobilized with nucleic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 19 was employed 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. BPPG electrode immoblized with the nucleic acid probe was place in the test sample, which was incu- 
bated at 70°C to anneal. Subsequently, acridine orange bound to ferrocene was added in such an amount that 
final concentration of 1 <iM was obtained. After washing, it was subjected directly to the electrode reaction, dur- 
ing which the oxidation-reduction current was determined to quantify v-myc contained in the sample. 

When the sample did not contained the gene intended, then the oxidation-reduction current from ferrocene 
was not detected. However, in the case of the sample containing the gene intended, the oxidation-reduction 
current could be detected, and ultimately v-myc can be detected in the order of pg. Since no B/F separation 
was required, the detection was completed within 30 minutes. 

Example 11: Gene detection using intercalating agent to which substance generating signals which can 
be detected directly or indirectly is bound 

First, the electrode immobflized with the nucleic acid probe was prepared In the manner similar as in 
Example 1 0, and then it was immersed in a solution of nucleotides (dATP, dCTP, dGTP and dTTP) for the pur- 
pose of preventing non-specific adsorption of sample DNA. 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed 
iJToTi t 23 0btained by di 9«*ting with Hind III and then was subjected to the thermal denaturation at 
98 C. Then BPPG electrode immobilized with the nucleic acid probe was placed in the test sample, which was 
incubated at 70°C to anneal. During this procedure, 0.1 V (vs SCE) of potential was applied to the electrode 

After reaction, an intercalating agent which has specificity to the double stranded DNA and is electrochemi- 
^ a ^ e ' namelv «■ (Phenanthroline) cobaltsaltwas added. Aftertris(phenanthroline) cobalt salt was bound 
to the double stranded nucleic acid, negative charge was applied to the electrode to remove the substances 
binding non-specffically. Subsequently, the oxidation-reduction current of the intercalating agent was deter- 
mined to quantify v-myc contained in the test sample. As a result, v-myc could be detected in pg order. 

Example 12: Gene detection using optical fiber immobflized with nucleic acid probe labeled with luminol 
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a. Preparation of optical fiber immobilized with nucleic acid probe labeled with luminol 

Bn .J™"°!| 8Xy,) ^ **» induced at 3' terminal into synthetic oligonucleotide probe (20 mer) 
^TSL^T^^r* 0 ™" 9 deox y™cleotidyl transferase. This nudeicacid probe 

5 immobilized to the surface of the optical fiber by means of physical 

b. Gene detection using optical fiber immobiized with nucleic acid probe 

Un^n^^ 6 ' 2^ 6 ? k ob,alned «*■«««»» ™yc fragment into Pstl steofpUC 119 was employed. 

* iL^l!f2 , ™ baE8d me nucteic acid P""e labeled with luminol was placed in the test 
SIS I T at 55 ° C to anneaL Durina mb **tan bromide whfch binds speci- 

^nded n udeic add was added. The ethWium bromide is concentrated on the surfacTof 

IXlciSo SET* ST* ^ ^ ^ 10 ° enerate "» '"-.nescence from lumC 
mtSS i" 5 " 1 ^ F,UOrBSC8nC8 9 enerat8d «°m the excited ethidhim bromide was deter- 

m,ne^ qua n^ v^yc oontoned ,n me test sampte. As a result, v-myc could be detected in the order of pg. 

lenedSe ^ ° P immobilized «■* nud «fc acid probe labeled with O-pheny- 

fl ' PreP ^TmTn 0 l°^ A ™ r lmmobiliz ° d with nud ^ acid probe labeled with O-phenylenediamine 
Mai Jt?J22 e J? ) ^ ,n,roduced at 3 ' terminal into synthetic oligonucleotide probe (20 mer) 
o tE^SEE^J^^ tem,inal deo **™«e°W transferase.This nudeicacid probe 

J eny,ened,am ' ne 8nd imm0bIlized to me * *• optica, fiber by means 

b. Gene detection using optical fiber immobilized with mideic acid probe 
. *" w^ 88 """ 6 ' PVM 623 0btained * jnsertin 9 figment into Pstl site of pUC 119 was employed 
,„ ^! ^ ^'■ ■mmobil.zed with the nucleic acid probe labeled with O-phenylenediamine was placed 

contained in the test sample. As a result, v-myc could be detected in the order of pg 

^Reference Example 3: .mmobBization to electrode surface via amino group induced into nudeic acid 

a. Preparation of nudeic acid probe into which amino group is introduced 

fi vn»h J„ P ir re {2 ^ T) uaed toam P»«*>n of abcwt 1.0 Kb fragment of carcinogenic gene v-myc were 

b. Immobilization of nudeic acid probe to electrode surface 

30 rtnuM. and " "*' ln 1% «**» fa 

l»»l^^^^r^^," Med a ^""O" ~«alnin9 too M e«»rf of double »te„d««. ^d^c -cM p™b. 
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producing an electrode immobilized with the nucleic acid probe. 

b. Gene detection using electrode immobilized with nucleic acid probe 

As a teat sample, plasmid pVM 623 obtained by inserting v-myc (1.5 kb) into Pst I site of pUC 1 19 was 
employed. 

The test sample was thermally denaturated at 95°C and then the electrode immobilized with the nucleic 
acid prepared in step a was placed in the sample to effect hybridization at 55 fl C. Determination of the membrane 
potential of the electrode immobflized with the nucleic acid was started before the initiation of hybridization. 
The membrane potential changed as the hybridization proceeded, and plateaued about 2 hours after initiation 
of reaction. Thus, when using the electrode immobilized with the nucleic acid probe via the membrane, the gene 
can be detected whfle monitoring the hybridization reaction. As a result the Intended gene could be detected 
in the order of pg. 

Example 1 5: Gene detection using electrode immobflized with nucleic acid probe and blocked by synthetic 
oligonucleotide 

a. Preparation of electrode immobilized with nucleic acid probe 

(6-aminohexyl) dATP was introduced at 3' terminal into synthetic oligonucleotide probe (20 mer) 
against to a carcinogenic gene v-myc using terminal deoxynuciotidyl transferase. 
On the other hand, BPPG electrode was subjected to electrolysis at 2.2 V in a solution containing 10% 
nitric acid and 25% potassium chromate to oxidize the surface of the electrode. The electrode whose sur- 
face had been oxidized was then placed in a refluxed solution of 10% gamma-APTES in aniline at 120°C 
for 30 minutes to effect silane treatment After the silane-treated electrode was washed with methanol, it 
was reacted in 1% glutaraldehyde solution for 30 minutes, and then washed again. 
This electrode was reacted in a solution containing 1 ng/md of the probe to which amino group had been 
introduced at a room temperature for 30 minutes, whereby producing an electrode immobflized with the 
nucleic acid probe. 

This electrode was immersed in a solution of synthetic nucleotide (20 mer) to adsorb the synthetic nuc- 
leotide on the surface of electrode. 

b. Gene detection using electrode Immobilized with nucleic acid probe 

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 1 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. The BPPG electrode immobiized with the nucleic acid probe produced in step a above was placed in 
the test sample, which was then incubated at 70*C to anneal Subsequently, an intercalating agent acridine 
orange which binds specifically to the double stranded nucleic acid and has electrode activity was added and 
then the electrode reaction was conducted, during which the oxidation-reduction current generated was deter- 
mined to quantify v-myc contained in the test sample. 

As a result v-myc could be detected in the order of pg. S/N ratio observed was higher than that of the elec- 
trode whose surface was not blocked. 

Example 16: Amplification and detection of intended gene 

a. Amplification of intended gene 

As a test sample, pVM 623 (4.6 Kb) obtained by inserting v-myc fragment into Pst I site of pUC 1 19 
was employed. Unear pVM 623 was obtained by digesting with Hind III and then the concentration was 
adjusted to 1 femtomol (1CH* mol). The sample was subjected to PCR using the condition shown below 
as one cycle and repeating the cycle 30 times to amplify 1 Kb fragment of v-myc. 
Denaturation : 94 °C for 1 minute 

Primer annealing : 55 g C for 1 minute 
DMA elongation : 72°C for 1 minute 

b. Gene detection using electrode immobilized with nucleic acid probe 

The sample amplified by PCR was thermally denaturated at 98°C and BPPG electrode immobiized with 
nucleic acid probe was placed in the sample, which was then incubated at 70X for 15 minutes to effect anne- 
aling. Dunng this procedure, acridine orange, an intercalating agent which has specificity to the double stranded 
nucleic acid and has the electrode activity, was added to the sample. Subsequently, the electrode reaction was 
conducted while determining the oxidation-reduction current generated to quantify v-myc contained in the 
sample. As a result, the presence of v-myc could be confirmed. 

Reference Example 4: Amplification and detection of intended gene 
a. Amplification of intended gene 

As a test sample, pVM 623 (4.6 Kb) obtained by inserting v-myc fragment into Pst I site of pUC 119 
was employed Unear pVM 623 was obtained by digesting with Hind III and then the concentration was 
adjusted to 1 femtomol (1CH* mol). The sample was subjected to PCR using the condition shown below 
as one cycle and repeating the cycle 30 times to amplify 1 Kb segment of v-myc. 
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Denaturation : 940c for 1 minute 

Primer annealing : 55°C for 1 minute 

DNA elongation : 72°C for 1 minute 

The primer was previously labeled with biotin prior to use. 

b. Gene detection using optical fiber immobilized with nucleic acid probe 

&b^2T ZioJ,^! 88 "'^' Wh "* Wa " inCUbat8d * 70 ° C for 15 ™«* s to annealing. 
Subsequently, avidin-labelled horse radish peroxidase was reacted and the fiber was washed. After adding 

Z^tZ^Z^^' Hz02 8nd enhancer ' was detected via the optical fibtX 

a result, the presence of v-myc was confirmed. 

Hzed^le^ 

uJZH™ t f £r , * e ' 8 ? u obtalned «V inserting v-myc fragment into Pst I site of pUC 1 19 was employed. 

Zm£e ft6r annea " n9 ' - 1 ' 5 V (VS SCE > P 019 "*" was applied to the electrode 

to remove DNA adsorbing the electrode surface non-specifically and physically 

^ !H a f nd,n ° orango - 8,1 intercalating agent which has speciflcfty to the double stianded DNA and has etec 
e^wTd'eZ^^^ 

^r* a n 8 d ff 7Tlmed >Mnvc ""teined in the sample. As a result v-myc could be detected in the 

order of pg at an unproved S/N ratio when compared with conventional results 

mJS^^SF" "* ^ »«^-«n*n - "i* acid to electrode immob, 

^SSSSS!i^J?SSR ^ '" 8nd *** 8UbjeCted to "» denaturaton at 

rppA f^? f^t^° b,l,Zed *"* * he nuclelc add P™ 58 <2° having 50% homology to vnnyc and 

p|f J^" 0ran9 f: a " lntefCalatin 9 a 9 ent has specificity to the double stranded DNA and has 

oL^Ih ^ r 8 8d ? d a " d th8n e ' eCtrode reacBon ^ ^^cted. The oxidation^educ^n curmnt 
generated was determined to quantify v-myc contained in the sample TOnt 

.J^' ""f a,B f 0d8 . ,BaCti0n ■ " 1 ° V (VS SCE) potenBal a PP |ied ««> »he electrode to remove the nucleic 
aad havmg less homology. After that, acridine orange was added similarly as above and fte^ the 
rearton^ conducted whiledeterminingmeoxida^ 

acid?^^^ E * raCti0n ° f - 1 * - — - -oubie sbanded nude* 

U. i^r 8 "!? 6, 8 "!! 9netite P8rtlC,e hBVin9 particle of 10 urn as a earner and aminoacridine as a dou- 
ble stranded nudeic acid recognizing substance were employed «ninoacnaine as a dou- 

aniT^ 

-minoacnaine were admixed in a plastic vessel, which was agitated viqorouslv bv vorte* mi™ r #n ^ 
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The gene detection dev ;«e according to the present invention comprises: 
a gene detection sens jr having a nucleic acid probe immobilized onto the surface of a carrier sensitive 
to physical change; 

a tmasportatkm means to transport the gene detection sensor; 

a reaction vessel to store a sample solution containing the gene sample denatured into a single stranded 
form, in the reaction vessel a double stranded nucleic acid being formed on the gene sensor by hybridization 
of the gene sample and the nucleic acid probe immobilized on the surface of the gene sensor 

a temperature control means to control the temperature of the sample solution; 

a washing means to remove unreacted gene sample by washing the gene sensor after hybridization of 
the nucleic acid probe with the gene sample; and, 

a detection vessel to store a double stranded nucleic acid recognizing substance, the double stranded 
nucleic acid recognizing substance being reacted with the double stranded nucleic acid formed on the surface 
of the gene sensor in the detection vessel, whereby binding the double stranded nucleic acid recognizing sub- 
stance with the double stranded nucleic acid in order to detect a physical change generated by the bound double 
stranded nucleic recognizing substance. 

The gene sensor used in the present gene detection device may preferably be either of the electrode or 
optical fiber immobilized with the nucleic acid probe as mentioned above. This gene sensor may further be 
imparted with the function of a stirrer by forming it in the form of paddle or with the function of a temperature 
sensor. 

The physical change such as electrochemical or optical signal detected by the gene sensor were deter- 
mined directly or via appropriate controller and then further analyzed by means of computer. 

In the reaction vessel, a sample solution containing the gene sample denaturated into a single strand was 
stored. As the sample solution, the coarse extract of the nucleic acid obtained by cell rupture may be used as 
it is or used after purification. A sample solution preparating device capable of preparing such coarse or purified 
extract of the nucleic acid may be connected to the reaction vessel and the sample solution prepared in situ 
from the test cells may be fed to the reaction vessel, whereby enabling full-automatic gene detection starting 
from the preparing the sample soulution from the test cells. The sample solution preparing device may be, for 
example of a disposable cartridge type, which may be exchanged to a new cartridge after completion of the 
determination. By using the cartridge freely replacable, the sample solution can always be prepared In a dean 
condition without washing. 

The gene detection device according to the present invention may further be provided with a dissociation 
means by which double stranded nucleic acid formed on the surface of the gene sensor was dissociated into 
the nucleic acid probe immobilized on the gene sensor surface and the free single stranded gene sample which 
is removed to regenerate the gene sensor. Such dissociation means is quite desirable for the purpose of auto- 
mizing the detection device since the dissociation means enables the repetitive use of the gene sensor. The 
dissociation means useful for the present gene detection device are the treatments with heat bases, acids, 
surfactants and ultrasonic wave as mentioned above. 

Furthermore, the present gene detection device may employ one or more gene sensors each immobilized 
with different nucleic acid probes. These gene sensors may be used at once to determine one or more items, 
or some of the gene sensors may be designated for a certain choice of the items to be detected. 

A method of detecting the gene using the gene detection device of the present invention was described 
below with referring the figures. 

Fig. 1 shows a schematic view of an example of the automatic gene detection device according to the pre- 
sent invention. This device comprises three vessels, namely, reaction vessel 2, detection vessel 9 and dissoci- 
ation treatment vessel 11. Reaction vessel 2 Is fitted In temperature controller 3 and connected to waste tank 
10, and is able to move in horizontal direction along with rail 4. Reaction vessel 2 is connected to gene sample 
purification device 1 at a predetermined position on rafl 4. Gene sensor 5 is fixed on transportating device 12 
by which horizontal transportation to the position above each tank and vertical transportation into each tank 
are effected. As gene sensor 5, an electrode immobilized with a nucleic acid probe is employed and the electric 
signals detected by this electrode is input via electric signal detection controller 6 to computer 7, by which the 
signals are analyzed. 

™ e method * detecting gene using this device is as follows. First, a test cells containing the nucleic acid 
to be detected is placed in gene sample purification device 1 , in which a test solution containing the gene sanv 

?!li natUrat8d Int ° 8i " 9le 8trands h W** 6 - 1116 ^P 16 «olution thus prepared is fed to reaction vessel 
2, which is then transported to the predetermined position along with rail 4. After gene sensor 5 was horizontally 
transported to the position above reaction vessel 2, it is transported into reaction 2. After gene sensor 5 was 
immersed in the sample solution in reaction vessel 2, the temperature of the sample solution was appropriately 
controlled by temperature controller 3 and then the nucleic acid probe immobilized to the surface of gene sensor 
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l™sTn£7*Zl e ^ n * ""Jf !T P,e 8 ° ,Uti0n " h y bridized - completion of hybridazation. 

ZZ^^eTa^^^ H"™ WShWi fluid ^ ^ waahing fluid vessel to remove 
veZ E vS^222T2L V" eenS ° r 18 h0riZOntally ^P 0 ^ to the position above detection 
5 Z sln^ouSS ELT^-V""*" ^ 2 fe tranSp ° rted aoai " to *° Potion connecting to 
Z^2£K £LL"£ r2L 80 ' Uti0n C ° ntained 18 d ^ ed t° the waste tank. Gene 
sported to the position above detection vessel 9 is then transported into detection vessel 9 in 

2S?Z T 6 !'" 80,080,1 C ° n,ainina a doubla 8tranded nucieio acid recognLing "s s3 ar£ 

Hoie immoMiaw „,», . nuaa fc«H „LT^ ™" ■™" ol,ta a<1 <» mer «•»"« may preferably be an elec- 

*<»^toncanb.1o»^dn^^ 

As shown in Fta 3^ZZ» ^*S y ^ ma ^P" M ^l^isnoraed»>w» 1 htheoslt 

sensor 23 to 

consists of one or more 3 vessel m?nti^H J 3 ' r8aCtk,n Ve88el 2 P™** «n thermostat bath 21 
having the composiZ^me ^iTZ^^Z??" * ^ Ve88e ' 8 13 oonl *» a "^solution 
inserted the buffer mJZFZ EI^22"J ^ ***™Pl° solution, and temperature sensor 23 is 
sample solution. Tem P «^ 8en ^^ n ^ er ^ « determined as the temperature of the 
the buffer solution in fL^^SJt!^^ to controller 22, and It determines the temperature of 
from temperature sensed « e r2 222 T? ^ "» 

of thermostat bath 21 to ^nZ ^ZZTofZl ^TZ** -B * ""' * Bn MnW » e 
P-*recon,rc*ispre^^ 

IBISES 

This dlvice is provided w^acln ZESZ T??*" *** U " fch » ^^•"""minescence. 
the detection device shoZ in^ta i ™ ? " 9 11,6 ft,nCOOns ^ bo,h ^ reaction and Action vessels in 
a reason vesToT deSZ ^t^JTSS ? TlT - ^ " * "* * PfWide 

unreacted nudeic acid probeTunreaX^^n / ™ be conducted without removing 

bottom surface of reaction c^lTeTS e T 3 ^ ".Li" .f 8 " ^^^inescenoe. On the 
in the reaction vessel of ltadl£2££^^ "* 6 orobe te Similarly as 

34. The reaction ceO is S ''TSZ^ * SfT * M ° r 

~ „ at a predetermined pos^n of 
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together with the tip of optical fiber 37. By transporting device 12. reference electrode 36 and optical fiber 37 
are horizontally transported and vertically transported into each vessel. Reference electrode 36 is connected 
to function generatoi/potentiostat 38 together with electrode 33 immobilized with nucleic acid probe. The poten- 
tial to be applied to these electrodes is appropriately calculated by computer 39. The eiectrochemfluminescence 
generated on the surface of electrode 33 immobilized with nucleic acid probe is sen t via optical fiber 37 to photo- 
multiplier 40 for amplification and then counted by photocounter 41 . The results of the determination are input 
to computer 39 for analysis. 

The gene detection using this device is conducted as follows. First, sinriariy as in the case of the device 
shown in Figure 1 ( the test cells containing the nucleic acid to be detected are placed in gene sample purification 
device 31 and processed into a sample solution containing the gene sample denaturated to the single strand. 
The solution is then transferred to reaction cell 32. Then, the temperature of the sample solution is controlled 
appropriately by temperature controller 34 and the nucleic acid immobilized on the surface of electrode 33 is 
hybridized with the gene sample in the sample solution. During this procedure, an intercalating agent capable 
of generating electrochemSuminescence is added to the sample solution. Alternatively, the intercalating agent 
may be added to the test solution prior to the hybridization. Subsequently, reaction cell 32 is transported along 
with rail 35 to a predetermined position and reference electrode 36 and optical fiber 37 are transported into 
reaction cell 32 to immerse in the sample solution. Then potential is applied between reference electrode 36 
and electrode 33 immobilized with the nucleic acid provided in reaction cell 32 to generate electrochemi- 
luminescence. The light caused by the eiectrochemfluminescence is brought via optical fiber 37 to photomul- 
tiplier 40 for amplification followed by counting by photocounter 41 . The results of the determination are input 
to computer 39 for analysis. After determination, reference electrode 36 and optical fiber 37 are removed from 
reaction cell 32 and transferred to washing vessel 42 for washing. 

Example 19: Gene detection using gene detection device provided with electrode immobilized with nucleic 
acid probe 

The automatic gene detection device shown in Fig. 1 was used to detect the gene. As a test sample, pVM 
623 obtained by inserting v-myc fragment into Pst 1 site of pUC 119 was employed. Linear pVM 623 was 
obtained by digesting with Hind III and then was subjected to the thermal denaturation at 98°C. The electrode 
Immobilized with the nucleic acid probe was placed In the test sample, which was incubated for 15 minutes at 
70°C to effect annealing. During this procedure, acridine orange, an intercalating agent which has specificity 
to the double stranded DNA and is electrochemically active, was added. 

After the annealing, the electrode reaction was effected while determining the oxidation-reduction current 
produced to qunntify v-myc contained in the test sample. As a result, v-myc could be detected in pg order. The 
entire procedure could be conducted within 1 hour. 

Example 20: Gene detection using gene detection device provided with optical fiber immobilized with nuc- 
leic acid probe 

The gene was detected using the automatic gene detection device shown in Fig. 1 except for replacing 
gene sensor 5 and electric signal detection controller 6 with optical fiber and fluorescence detector, respect- 
ively. As a test sample pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 1 9 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98°C. The optical fiber immobilized with the nucleic acid probe was placed in the test sample, which was incu- 
bated for 1 5 minutes at 70*C to effect annealing. During this procedure, acridine orange, an intercalating agent 
which has specificity to the double stranded DNA and is electrochemically active, was added. 

After the annealing, the electrode reaction was effected while determining the oxidation-reduction current 
produced to quantify v-myc contained In the test sample. As a result, v-myc could be detected In pg order. The 
entire procedure could be conducted automatically within 1 hour. 

Reference Example 6: Gene detection using gene detection device provided with electrode Immobilized 
with nucleic acid probe utilizing electrochemiluminescence 

The gene was detected by using the automatic gene detection device shown in Fig. 4. As a test sample 
DNA derived from human peripheral blood admixed with pVM 623 obtained by inserting v-myc fragment into 
Pst I site of pUC 1 19 and digested with Hind III to make it linear was employed. A reaction cell provided on its 
bottom surface with a BPPG electrode immobilized with nucleic acid probe was prepared, and then the sample 
was added to this reaction cell and thermally denaturated for 5 minutes at 98°C. The sample was incubated 
for 15 minutes at 70*C to effect annealing. During annealing, lucigenin which has specificity to the double stran- 
ded DNA and capable of generating electrochemiluminescence was added. 

After the annealing, the electrochemical reaction was effected whOe counting the luminescent light by a 
photo-counter. As a result, v-myc could be detected in pg order. The entire procedure could be conducted within 
1 hour. 

Example 21: Gene detection using disposable reaction ceil provided with electrode immobilized with nuc- 
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feic add probe 

a. Preparaton of reaction all provided with electrode immobilized with nucleic acid probe 

^TlSXSSI r??^ " Bh nUdeiC ^' aR ^^wasem P loyed.First, m eRe.ectrode 
Zxe^ln ^^n^ " * tte ^ * * e e,ectrode - ™« was placed in a 

Tl^^fJ^ gamrna-am,nopropy| triethoxy siane in aniline at120°Cfor 30 minutes to effect 

H Tf 6 * 1 - e,eCtr0de ^ reacted *"*« in 1% Slutaraldehyde solution for 30 
Zinf Zno „ Subs ^°"tly, the electrode was reacted in a solution containing 1 ^mf v-rnyc 

imto^TT "T UC8d ^ 8 •""P^ 30 minutes, whereby producing n electee 

IZiSZTf' Th !" 8 < 5 * 5 * 1 ° ™) P-vided on its Ltorn surface 

witn tne electrode immobilized with the nucleic acid probe was prepared 

t e e t^t < ^!| 0n »!! 8i Z reaCfi0n P,DVided With 6lectrode f"-"obaized with nucleic acid probe 
as a test sample, the fragment obtained by digesting pVM 623 (4.6 Kb) obtained bv insert inn v-™. 

ann^t^^T !" -Bp 9 ' -nd SUbJected to Saturation at 95«C for Scutes JoweVby 

ZTXIZl Afer reaCti ° n - 11(8 (L^henanthroline) osmium was added to me carton 

""f' nd *l !lT?TlL Um,neSe8nCe raUSed b * ""Wo P° te ^ «o the electrode was determineTIs a 
result, v-myc could be determined in the order of pg oeienninea. as a 

leic a^jST ^ det8Ctl0n 08,1 ^ "» electrod « ^mobPized with nuc- 

a. Preparation of reaction cell provided with electrode immobilized with nucleic acid probe 

using teSS^^^ 

A.^tST'Z'"^."" p,< " id ~"'»'»' •**«'• tamoMtod rtft nuMc ,ckj prate. 

^^^^^^^^^^ 

Sirmlarty. afilterimmobilized with the nucleicacid P"^ on the fOter surface rnayateo be empioyed to detect 
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the gene. In such case, the useful filters may be any flters as long as they do not change their nature at least 
at 100°C, such as, for example, those filters generally used in DMA southern blotting such as nitrocellulose 
fflters and nylon fflters. For immobilization of the nucleic acid probe onto those filters, the methods mentioned 
above for immobilization of the nucleic acid to a earner can be applied as they are. 

Gene detection using the fBter immobilized with the nucleic acid probe can be conducted as follows. 
First a nucleic add is extracted from a test sample such as peripheral venous blood or various organ cells 
according to a standard method and purified if necessary. Then a hybridization reaction solution containing the 
nucleic acid sample obtained is prepared and the reaction solution is applied to the multiple-Jayer filter device 
consisting of one or more fiters including the filter immobilized with the nucleic acid probe, and the sample is 
permeated into the filterdevice. A double stranded nucleic acid recognizing substance, especially such a double 
stranded nucleic acid recognizing substance that indicates optical activity Itself or via other substance, has pre- 
viously been contained in the hybridization reaction solution. After the reaction solution is sufficiently per- 
meated, the nucleic acid is thermally denaturated at 95°C into a single strand, which is then hybridized with 
the nucleic acid probe immobilized on the filter surface by further heating at 37 to 72°C. After reaction, the filter 
immobilized with the nucleic acid probe is removed from the filterdevice and then washed. When the intended 
gene is present in the nucleic add sample, a double strand is formed on the filter immobBized with the nudeic 
acid probe and this double stranded nudeic add is bound to the double stranded nudeic acid recognizing sub- 
stance. This double stranded nudeic add recognizing substance causes the change in signal, which is deter- 
mined to quantify the intended gene. Thus, when the double stranded nucleic add recognizing substance has 
optical activity, then the change in optical signal such as luminescence, fluorescence, reflection, fluorescence 
polarization, quenching, circular dichroism and the like. 

While the intended gene bound to the nudeic acid probe immobilized on the carrier is detected using the 
double stranded nudeic acid recognizing substance in the detection method described above, the gene can 
also be detected without using the double stranded nudeic add recognizing substance by labeling the intended 
gene itself. For this purpose, the intended gene in the test sample is amplified as a pretreatment for the detection 
while labeling the primer used for amplification or starting nudeotide with a label such as electrode-active sub- 
stance or optically active substance as mentioned above. By this step, the label is Introduced into the gene 
which has been amplified, resulting in the intended gene which has Itself been labeled. The label useful for this 
purpose may not be particularly limited, and any substance listed above as a label capable of further binding 
to a bio polymer and an intercalating agent may be used. 

The detection of the gene which has itself been labeled can be conducted similarly as in the detection 
method mentioned above except for using no double stranded nudeic acid recognizing substance. 

Furthermore, the second probe in addition to the first probe which is immobilized on the carrier may be 
used to conduct "sandwich" hybridization, whereby detecting the intended gene without using the double stran- 
ded nudeic add recognizing substance. Thus, the first hybridization is conducted between the first probe 
immobilized on the carrier and the intended gene, and then the second probe labeled is added to conduct the 
second hybridization with the intended gene bound to the first probe followed by the detection of the signal from 
the label of the second probe. 

The second probe useful may any nudeic acid having the base sequence complementary to the intended 
gene to be detected. When the intended gene has one or more base sequences complementary to the first 
probe then the first probe can be used as the second probe. 

The label to be used to label the second probe may not particularly be Ignited, and the substances listed 
above as the labels capable of binding further to a biopdymer and an intercalating agent may be used. 

In this gene detection method, the process to the step of hybridization of the first probe immobilized on the 
carrier with the intended gene may be similar to that in the detection method using the double stranded nudeic 
acid recognizing substance as mentioned above. After the first probe is bound to the intended gene, the second 
probe is added instead of the double stranded nudeic add recognizing substance, and then the second hyb- 
ridization is conducted under the condition similar to that of the first hybridization. The second probe may also 
be added before the first hybridization. After the completion of the second hybridization, the gene is detected 
by a suitable method depending on the label introduced to the second probe. Specifically, the method of detect- 
ing the double stranded nudeic add recognizing substance bound to the double strand can be used as it is 

Most of the genetic diseases are developed when a particular base sequence is defected or combination 
of a plurality of particular base sequences are presented in a gene. Thus, most of the genetic diseases can 
not be identified directly by using the nudeic add probe. Accordingly, most of the diseases are now identified 
by using restnetion fragments length polymorphism (RFLP) analysis. This RFLP method involves an analysis 
of the pattern of De fragments and thus requires the procedure of separating the DNA fragments. Presently, 
me separation of DNA fragments employs only electrophoresis which involves the problem of complicated pro- 
cedures and a long time period for the determination. 

21 



B» 0478 319 A1 



meo^d^ 

me gene detection method of the present invention in the procedure described below. 
The Z Jr*T n ^ bi0l09iCa, 8nd the " di9eSted 80 ^P^Priate restriction enzyme. 

, e^^^ JZ^ r '^rlT^ 1 ^ limted 8nd any en2 V™ genereJIy used in RFLP may* 
^n^^^L" 8 !? ,B8tnCti0n en2yme ^ **■ Aval. BamHI, EcoRI. Hind. Hndlll and Pst I. 
htah bta,nedare separated based on mole cutar weights by column chromatography. 

2!2 1 ^Tf" 9el el8Clrophore8i8 and the like. DNA fragment may also be separated after denatu 
rated by, for example, heating at 90 to 98>C. 

' ^rrJwLdTnT^Sr^^ m0,ecu,ar "■W* 818 W™™* ^ the nucleic acid probe 

Wmenmerrybridization is conducted in the now system, the conditions such as temperature and pH of mov- 
Tt t^*? - d8Pendin9 ° n "» •**■»■■» "action. The composiTn of the wTnc , pZ, 
cenT^n^ JSP " "* - — * 0 to 1 M. pH of mVneutral m^S!Z 

a^T2^,!Z° ^ ?° C " PreferTed " WhHe " 15 desiraWe to «* *• doubleltranded nude" 

^Tv«?"int,! fl "1 ^ de,C aad rec °9 nizin 9 substance, any of those listed abovTmay be 

T ***** (retenlion ^ between *• lntroductton * m * SS£ 

WhT'^^T ° fDNAfra9mentS based on - «*— «P* RFLP can be obtS ' 
*J£^?? K 1T an -? C ° ndUCted aftef obtainin 9 «■» e«* fraction is subjected to the hybri- 

S^«JJ ra,del " 0d Pr0be imm ° biized to me «■» and then the double sbandednudrtc add r£ 

r B lm nf2 ^ ?? nCe : Fr ° m * e fracBon number * me in which the signal is obtained 

the pattern of DNA fragments based on, for example, RFLP can be obtained. «oDta.ned. 

fiSTar bZ^o W « ' th t PreSe " t meth ° d 08,1 ^ *• of *e KSJS pat 

b. ImmobBization of nucleic acid probe to latex beads 

at solubon of the sample (eontanmg v-myc) to effect thermal denaturation followed by hyb- 
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ridization at 72°C for 15 mini *es. Acridine orange solution was added to this solution, which was then allowed 
to stand for 1 minute. After washing at 72°C with washing fluid (2 x SSC, 0.1% SDS), intensity of fluorescent 
light was determined in a phosphate buffer solution. As a result, the gene could be detected in the order of pg. 
Reference Example 8: Gene detection using latex beads immobilized with nudeic acid probe 

a. Introduction of amino group into nucleic acid probe 

(6-aminohexy) dATP was introduced to a carcinogenic gene v-myc at its 3' terminal by using terminal 
deoxynudeotidyl transferase. 

b. Immobflation of nudeic acid probe to latex beads 

A single stranded nudeic acid probe was immobflized to the latex beads having the partide size of 1 \im 
using dicydohexytcarbodiimide as a crosslinking agent The latex beads immobflized with the nudeic acid 
probe was heated at 98°C in a solution of the sample (containing v-myc) to effect thermal denaturadon followed 
by hybridization at 72°C for 15 minutes. Acridine orange solution was added to this solution (final concentration 
of 1 iiM) which was then allowed to stand for 1 minute. Then the oxidation-reduction current of the intercalating 
agent in the solution was determined. As a result, the gene could be detected in the order of pg. 
Reference Example 9: Gene detection using fiter immboiized with nudeic add probe 
As a nudeic acid probe, a carcinogenic gene v-myc was selected. This v-myc was bound to aminoacridine 
via glutaraldehyde and the further immobilized to PVDF nylon filter by UV irradiation. After immobilization of 
the nudeic acid probe, non-specific adsorption to the fBter surface was suppressed by treatment with 1 mg/mf 
ATP solution. 

The sample solution containing v-myc was heated at 98°C to effect the thermal denaturation, followed by 
hybridization with the nudeic add probe immobilized to the filter surface at 72°C for 15 minute. After reaction 
the filter was washed at 72"C (2 x SSC, 0.1% SDS) and the change in adsorbance on the surface of the filter 
was determined. 

In the case that the intended gene was present in the sample, reduction in absorbance was observed. As 
a result of the determination, the gene could be detected in the order over 10 pg. 

After the simflar treatment the change in intensity of fluorescent light on the filter surface was also deter- 
mined. As a result, in the cases that the intended gene was present in the sample, Increase In intensity of 
fluorescent light was observed. As a result of the determination, the gene could be detected In the order over 
10 pg. 

Reference Example 10: Gene detection utilizing sandwich hybridization 

a. Preparation of electrode immobilized with first nudeic add probe 

A synthetic oligonucleotide probe (20 mer) against to the carcinogenic gene v-myc was used as the 
first probe, to which (6-aminohexyl) dATP was introduced at 3' terminal using terminal deoxynudeotidyl 
transferase. 

On the other hand. BPPG electrode was electrolyzed in a solution containing 10% nitric add and 2.5% 
potassium chromate at Z2 V to oxidize the surface. The electrode whose surface had been oxidized was 
then placed in a refluxed solution of 10% gamma-aminopropyitriethoxysilane in aniline at 120°C for 30 
minutes to effect silane treatment The electrode treated with sOane was washed with methanol and reacted 
in 1% glutaraldehyde solution for 30 minutes, and then washed again. 

The electrode was reacted in a solution of 1 ng/ml of the first probe to which amino group had been intro- 
duced at a room temperature for 30 minutes, whereby producing an electrode immobilized with the first 
nudeic add probe. 

The electrode immobiized with the first nudeic add probe thus obtained was immersed in a solution of 
nucleotides (dATP, dCTP, dGTP and dTTP) so that the nucleotides were adsorbed to the surface of the 
electrode to suppress non-specific adsorption of the sample DNA. 

b. Gene detection using second nudeic add probe 

u- ^n? 8 ^™" 1 * PVM 623 obtained bv '"sorting v-myc fragment to Pst I site of pUC 119 was digested with 
Mind III. The fragment thus obtained was used as a test sample and Pst I fragment of pUC 1 19 was used as 
the second probe. The second probe was labeled with viologen. 

The test sample and the second probe were thermally denaturated at 98X. The BPPG electrode immobi- 
lized with the first probe prepared in step a was placed in a solution containing the test sample and the second 
probe, which was then incubated at 70«C to effect annealing. During the annealing, 0.1 V of potential (vs SCE) 
was applied to the electrode. After annealing, negative potential was applied to the electrode to remove the 
substance binding non-specrfically to the electrode. The oxidatiorweduction potential of vidogen labeled to the 

^ T determined to ™V contained in the test sample. As a result, v-myc could 

be detected in the order of pg. y 

Example 23: Indirect gene detection by RFLP analysis using electrode tnmobilizedwi^ 

Using an electrode immobilized with the nudeic add probe, the individual identification by DNA fingerprint 
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method was conducted as follows. 

and 55 l^SSLX^r 3 ^ * m "fT Periphera ' V8n0US Wood * densi * 9^*nt centrifugation 
^^^11* * daRl m6th0d - The " DNA ° bteined W3S di9ested with a restriction 

with tte ^d^rl^-S 9 ^ imm ° billZed to BPPG el8ctrode to prepare an electrode immobilized 
X^irrJS! r? « ? * h ' Ch ^ ften fitt8d 10 0,9 ^ * «» co,umn * high pressure liquid chromato- 
E*Eft 10 HPU; ' ° NA indUdin9 fte S8quene8 hB * n * «o the probe 

sZd ^1^ ^ t!2!ir5? !^ 8UPP ° rted temp0rari,y on me 8,8Ctred8 8urt8 <» «° ^ a double 
^^l^*"" thS ^ ou " e f 8 "** nude « a «d recognizing substance such as an intercalating agent 

^cc^^^tT^ 
SZsaZ"^^ 

By thermally denaturating the fragment of DNA obtained as above at 95«C to obtain a single strand which 

DNA. Ourmg chromatography, the column was maintained at 75°C 

The results obtained indicated the discrete patterns by individuals subjected to the study According it 
^SSS? - ^??^ WenfifiCaHOn " * * «■ P^sent'gene det^memT 9 

a. Preparation of BPPG electrode immobilized with nucleic add probe 

2.2 x/'farTn 6 ,!!!^? e,ecto| y 2ed in 8 «*'*'" <* 2-5% potassium chromate and 1 0% nitric acid at 
«i^J? !S S 10 OX,d128 11,8 8urface - 7,18 electrodB was placed in a refluxed solution of 10% oanv 
^ I 88 " 6 in to 1 " 8 " 8 « 120-C for 30 minutes to effect slane treatment By £J Seat 
h ^TkT " n,rodl,Ced to fte surtace - Th8 " * 8 8 '~trode was aOowed to sLndl 

SXhSrhir 6 P ? mer m8nU0ned *■"» was P»P— '"to e sdutZof 10 J£Z 

lOmMphosphate buffer. ,nwh,ch the electrode treated with aldehyde was then placed and allowed to stand 

b^S^ 

l^ZJEZZSZ acridine oran9e were obteined ' fc **" - fonration - ■» **°' 8 

c. Separation of intended gene 

^^Pl. 24. Gen. detect „«„, ^ ^ ^ ^ ^ 

a. Prapaiation of etocuxle Immobilized with nucleic acid prate 
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This electrode was reacted in a solution containing 1 ug/mf of the probe to which amino group had been 
introduced at a room temperature for 30 minutes, whereby producing an electrode immobaized with the 
nucleic acid probe. 

This electrode was immersed in a stearytamine solution to adsorb stearyamine on the surface of electrode. 

thereby a non-specific adsorption of a sample was suppressed. 

b. Gene detection using electrode immobilized with nucleic acid probe 

As a test sample, pVM 623 obtained by inserting v-mye fragment into Pst I sits of pUC 119 was employed. 
Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at 
98 , C. The BPPG electrode immobiized with the nucleic acid probe produced in step a above was placed in 
the test sample, which was then incubated at 70°C to anneal Subsequently, an intercalating agent acridine 
orange which binds specifically to the double stranded nucleic acid and has electrode activity was added and 
then the electrode reaction was conducted, during which the oxidation-reduction current generated was deter- 
mined to quantify v-myc contained in the test sample. 

As a result, v-myc could be detected In the order of pg. S/N ratio observed was higher than that of the elec- 
trode whose surface was not blocked. 



Claims 

1. A gene detection method wherein a single stranded nucleic acid probe having a base sequence com- 
plementary to the gene to be detected is reacted with a gene sample denatured into a single stranded 
form and then said nucleic acid probe hybridized with the gene is detected to confirm the presence of the 
gene, characterized in that 

.' said nucleic acid probe is immobilized onto a carrier sensitive to a physical change; 

a double stranded nucleic acid recognizing substance capable of binding specifically to a double 
stranded nucleic acid and being active physicochemically is added to the reaction system of said nucleic 
acid probe and the gene sample; and, 

the double stranded nucleic acid recognizing substance bound to the double stranded nucleic acid 
formed by conjugation of said nucleic acid probe and the gene to be detected is detected by means of 
physical determination using said carrier, whereby detecting the presence of said nucleic add probe hyb- 
ridized with the gene to be detected. 

2. A method according to claim 1. wherein said carrier is an electrode and the detection of the gene to be 
detected is performed by means of electrochemical determination using said carrier. 

3. A method according to claim 2. wherein potential is applied to the electrode upon hybridization of the nuc- 
lei acid probe immobilized on the surface of the electrode and the gene sample denatured into a single 
stranded form. 

4. A method according to claim 2. wherein said double stranded nucleic acid recognizing substance is an 
intercalating agent 

5. A method according to claim 4. wherein said intercalating agent Is a metal complex having as a center 
metal a metal capable of undergoing electrically reversible oxidation-reduction reaction and the oxidation- 
reduction potential of said metal is less than or is not covered by the oxidation-reduction potential of the 

nucleic acid. 

6. A method according to claim 2. wherein said double stranded nucleic acid recognizing substance is an 
intercalating agent to which one or more substances generating electric signals which can be detected 
by said electrode directly or indirectly are bound. 

7. A method according to claim 2, wherein said double stranded nucleic acid recognizing substance is a 
oio polymer capable of binding specifically to a double stranded nucleic acid. 

8. A method according to daim 2. wherein said nucleic acid probe is immobilized onto the electrode through 
an ammo group introduced in said nucleic acid probe. 9 

8. A method according to claim 2, wherein said nucleic acid probe is Immobilized onto the electrode through 
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16. 



10 ' * ^ 2 ' wherein tetrode Is further covered with substances selected from 

the group consisting of nucleic acids, surfactants, fatty acids and fats. 

11 * iZl^^l^ 1f W |r ,in 8aidCanrteriSan ^ *" «» the detection of the gene to be 
detected is performed by means of optical determination using said optica) fiber. 

^ i£22j5? 10 ^ 11 " ^ 8a,d ^ Strand6d nuctelc Sizing substance is an 

13 ' tS£l!ZSi^T 11 ' "T* ^ d0Uble 8tranded >«**» — -cognizing substance is a 
bupoiymer capable of bindmg specificatlly to a double stranded nucleic acid. 

a tansportatton n».n. (12) to Inraport the „.» d.»aio„ (5): 
.S^L^ 1 ,™"" ^ *° control ths tenpemt™ „«. samp,, Mun. 
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